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As the world embarks on mass vaccination for COVID-19, we are beginning to encounter unintended dilemmas in
imaging oncology patients; particularly with regards to FDG PET/CT. In some cases, vaccine-related lymph-
adenopathy and FDG uptake on PET/CT can mimic cancer and lead to confounding imaging results. These cases
where findings overlap with cancer pose a significant dilemma for diagnostic purposes, follow-up, and man-

agement leading to possible treatment delays, unnecessary repeat imaging and sampling, and patient anxiety.
These cases can largely be avoided by optimal coordination between vaccination and planned imaging as well as
preemptive selection of vaccine administration site. This coordination hinges on patient, oncologist, and radi-
ologists’ awareness of this issue and collaboration. Through close communication and patient education, we
believe this will eliminate significant challenges for our oncology patients as we strive to end this pandemic.

Introduction

As the world embarks on mass vaccination for COVID-19, we are
beginning to encounter unintended dilemmas in imaging oncology pa-
tients; particularly with regards to 18-fluorodeoxyglucose PET/CT (FDG
PET/CT). In some cases, vaccine-related lymphadenopathy and FDG
uptake on FDG PET/CT can mimic cancer and lead to confounding im-
aging results. Many of these cases of confusing results can be avoided by
coordination of vaccination with planned imaging and avoiding the
sequence of imaging being performed shortly after vaccination. Given
the current structure of mass vaccination in the US, this type of coor-
dination is expected to be particularly challenging, and radiology and
oncology teams and patients will need to work together to share infor-
mation and optimize imaging.

Background

Multiple traditional vaccines administered into the deltoid muscle
have been shown to result in ipsilateral lymphadenopathy that can
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manifest on imaging studies[1-5]. In addition, transient FDG uptake can
also be seen on FDG PET/CT in the spleen following vaccination[6].
Prior radiology studies show that these findings tend to resolve after
12-14 days[1,3,5], but can occasionally persist for up to 4-6 weeks after
vaccination. In recent clinical trials, both FDA-approved vaccines
(Moderna and Pfizer-BioNTech) list axillary lymphadenopathy as the
second most commonly reported side effect, after pain at the injection
site[7-9]. In the Moderna trial, this side effect was more commonly re-
ported in younger patients (under age 85)[7]. As expected, transient
COVID-19 vaccine-related lymphadenopathy and tracer uptake is being
observed in axillary, supraclavicular, and cervical lymph nodes on the
ipsilateral side of the deltoid vaccination[10-12]. Many cases can be
attributed to vaccination based on pattern and natural history of disease.
However, even in cases where vaccine information is available, some
instances of vaccination will result in overlapping findings and the
vaccine-pattern uptake cannot be distinguished from cancer, rendering
the study nondiagnostic despite adequate information about vaccination
(Figs. 1-4.). These findings will pose a significant challenge for follow-
up, especially in cases of high grade or aggressive malignancies, and
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those requiring urgent initiation of treatment. Some authors of this
paper recently published a manuscript on the imaging findings and a
proposed algorithm[[11] for follow up, recognizing that there are sig-
nificant barriers with access and insurance approval. Optimal coordi-
nation between imaging and vaccination can avoid inconclusive and
confusing results leading to treatment delays, unnecessary repeat im-
aging and sampling, and patient anxiety.

Challenges

1. Patient and physician awareness: Many patients and physicians
caring for oncology patients are not aware that vaccination can
produce false positive findings on FDG PET/CT. Therefore, they are
not aware that simple measures such as vaccine site selection and
optimal scheduling can easily avoid confusing results. Many in-
stances of vaccine-related findings on imaging will be easily attrib-
utable to vaccination and not pose a significant diagnostic dilemma.
However, certain cancers will require special consideration. Cancers
that might be prone to potential overlapping or confounding findings
include those that primarily manifest in the lymph nodes/spleen
(lymphoma [and other conditions like Castleman’s]), cancers with
laterality that could potentially involve vaccine pattern lymph nodes
(breast, trunk or upper extremity melanoma/sarcoma, lung cancer
[especially upper lobe], and head and neck cancers); and other
advanced cancers that have previously shown involvement to vac-
cine pattern lymph nodes.[11] Other cancers, such as bone marrow
related hematologic malignancies, localized abdominal or pelvic, or
contralateral cancers might not pose a significant diagnostic
dilemma and abnormal findings in these setting may be more readily
attributable to a recent vaccination.
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Fig. 1. Confounding findings on FDG PET/CT in a 57-
year-old woman with metastatic breast cancer 4
weeks after Moderna COVID-19 vaccination.
Maximum intensity projection (MIP) (a.) shows an
increase in size, number, and degree of FDG uptake in
left axillary lymph nodes (dashed black arrows),
compared to the previous FDG PET/CT performed 6
months prior (b. black arrows). As this is her only site
of metastatic disease, and she received the Moderna
vaccine 4 weeks prior, it is unclear if the increase is
due to recent vaccination or an increase in her tumor
burden. In this case, an increase in tumor burden was
favored based on trends of prior imaging and tumor
markers.

2. Workflow: For stable patients on treatment or surveillance, imaging

is often ordered far in advance. Many of the imaging studies being
performed at present, in the midst of the pandemic and a mass
vaccination effort, may have been ordered and arranged months to a
year prior. Therefore, a potential conflict between vaccination and
imaging might not be on the radar for the patient or ordering
physician. Furthermore, some patients may have chosen to defer
routine surveillance scans due to the ongoing pandemic and are now
overdue for scans around the same time as vaccination has become
available to them.

. Vaccination information sharing: While some of the COVID-19

vaccinations in oncology patients are being administered in the
clinics, infusion centers, or in-system primary care offices, the vast
majority of patients are seeking vaccination arrangements on their
own. Many venues are being utilized, including mass vaccination
sites, pharmacies, malls, grocery stores, senior centers, churches,
public health locations — very few of which are integrated with health
systems and electronic medical records (EMR). Therefore, the
oncology team may not be aware of patients’ vaccination status or
plans to be able to provide guidance about administration sites and
timing with planned imaging.

. Information available to the radiologist: In cases where vaccine-

related findings and a particular cancer overlap, radiologists need
access to information about vaccine timing and administration site to
be able to interpret or advise follow up to clarify confounding find-
ings. Again, with limited EMR integration regarding vaccination, this
information is not always readily available or volunteered by pa-
tients unless specifically asked. Other clinical factors and informa-
tion might be helpful to the radiologist when interpreting these
challenging cases, such as tumor markers and clinical status. Having
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Fig. 2. Confounding findings on FDG PET/CT in a 51
year-old man with new Hodgkin’s lymphoma after
recent vaccination. MIP (a), axial fusion (b and c), and
axial attenuation correction (d) images demonstrate
FDG avid lymphadenopathy above and below the
diaphragm (white arrows). It is unclear if the left
axillary and supraclavicular uptake (white dashed
arrows) are from a recent COVID-19 vaccination to
the left deltoid three weeks prior, but would not result
in a change in stage. However, increased uptake in the
spleen (black dashed arrows), more avid than liver,
could be due to either vaccination or disease
involvement and would result in a change in stage.

Fig. 3. Confounding findings on FDG PET/CT in a 73 year-old woman with history of breast cancer to evaluate for recurrence. MIP (a), axial PET (b and c), and axial
fusion (d and e) images demonstrate FDG-avid right axillary and supraclavicular lymph nodes (black and white arrows). This patient reported a recent Moderna
COVID-19 vaccination in the left deltoid 5 days prior at a mass vaccination site. No records about vaccine administration were available to the reading radiologist or
primary care physician. Initially it was unclear if the findings represented a recurrence of a right breast cancer or incorrect reporting/recording of vaccination side.
Ultimately, the patient was able to be reached, and a right-sided vaccination was confirmed.

adequate access to prior imaging can also be helpful in vaccine may have on subsequent imaging studies and/or physical
troubleshooting. exam. Patients should be reassured that COVID-19 vaccination
should not be postponed or eschewed, but simply that the date and
Solutions location of the injection(s) needs to be conveyed to their physicians,
documented in their oncology record, and be considered for optimal

1. Patient communication: All patients undergoing treatment for coordination with planned imaging.

malignancy should be notified of the potential impact that COVID-19
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2. Vaccine site selection and timing of planned imaging: When
possible, it is best to avoid the sequence of FDG PET/CT soon after
vaccination to reduce false positive or confounding results. If a pa-
tient has a cancer with laterality, patients should be instructed to
receive the vaccine in the contralateral arm to avoid confusing re-
sults. The CDC currently recommends vaccination in the deltoid[13],
and further information is needed before considering alternate sites
in specific cases.

FDG PET/CT should not be delayed when clinically indicated or
urgently needed. If feasible, imaging prior to vaccination is ideal to
avoid overlapping findings. If not feasible, imaging is advised to be
performed no sooner than 2 weeks after vaccination. It is our opinion
that 4-6 weeks is a more optimal timeframe, but this is not always
practical in oncology patients, especially when it delays treatment
initiation. The mRNA vaccine technology may be more immunogenic
than traditional vaccines[14], resulting in potentially more potent
and longer lasting effects; and a longer time interval might be
required. A recent research letter published in Radiology found that
29% of patients vaccinated with mRNA biotechnology undergoing
FDG PET/CT showed persistent axillary tracer uptake at 7-10 weeks.
[15] We might also observe differences in imaging between the first
and second shots of a two-shot series as well as varied immune re-
sponses in different age groups, mirroring trends in clinically re-
ported side effects seen in clinical trials.

3. Data sharing: The more information that the oncology team has
about patient vaccination status and planning, the better the timing
with planned imaging can be coordinated and optimized. EMR’s can
be optimized, perhaps through patient portal entry, to pull vacci-
nation information into the record and have it easily available to the
oncology care team to consider for imaging planning and the radi-
ologist for interpretation. At our institution, technologists perform-
ing FDG PET/CT interview patients and convey this information to
the reading radiologist; but it is not widely available for review by
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Fig. 4. Confounding findings on FDG PET/CT in a 43
year-old man with lymphadenopathy and suspected
diagnosis of lymphoma. MIP (a), and axial fusion (b,
¢, and d) FDG PET/CT shows an FDG avid retroperi-
toneal mass (white arrows), internal mammary
lymphadenopathy (white dashed arrows), and left
greater than right axillary lymphadenopathy (black
arrows). This patient reported receiving a Moderna
COVID-19 vaccine 1 week prior to the left deltoid. It is
unclear if the findings in the left axilla are related to
recent vaccination or lymphoma. While these findings
would not change disease stage, this site should be
avoided for biopsy due to potential confounding
findings, and another more technically challenging
and invasive site must be considered for highest yield
sampling of representative disease.

oncologists or radiologists reading in other modalities outside of FDG
PET/CT that might also be affected. While adding pre-vaccination
questions about malignancy could be considered, this issue only af-
fects a small subset of the public and would be near impossible to
implement on a wide scale due to the vast number and types of sites
offering vaccination.

Conclusion

While most cases of vaccine-pattern uptake on FDG PET/CT can be
attributed to recent vaccination, some cases will result in overlapping
findings with cancer and pose a significant dilemma for diagnostic
purposes, follow-up, and management leading to possible treatment
delays, unnecessary repeat imaging and sampling, and patient anxiety.
These cases can largely be avoided by optimal coordination between
vaccination and planned imaging as well as preemptive selection of
vaccine administration side/site. This coordination hinges on patient,
oncology physician, and radiologists’ awareness of this issue and
collaboration. Through close communication and patient education, we
believe this will eliminate significant challenges for our oncology pa-
tients as we strive to end this pandemic.
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